12 United States Patent

Ketterer

US007706515B1

US 7.706,515 B1
Apr. 27, 2010

(10) Patent No.:
45) Date of Patent:

(54)

(75)

(73)

(%)

(21)
(22)

(1)

(52)

(58)

PROGRAMMABLE PAGING CONTROLLER
WITH PROGRAMMABLE SWITCH
CONTACT

Inventor: Ernest Ketterer, Kinnelon, NJ (US)

Assignee: Bogen Communications, Inc., Ramsey,
NI (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1043 days.

Appl. No.: 11/331,277

Filed: Jan. 13, 2006

Int. Cl.

HO4M 1/60 (2006.01)

HO04M 9/00 (2006.01)

US.CL .., 379/171; 379/170;, 379/172;

340/7.27,340/7.31; 340/825.377;, 340/825.66

Field of Classification Search ................. 379/170,
379/171, 172, 93.09, 93.14, 100.15; 340/7.27,
340/7.31, 825.37, 825.66

See application file for complete search history.

60
C Start Y
/- 61
Inifialize System

|

Setup System /‘
and Aux Relay

Configuration

l

Initialize
Interrupts

L
(wanicen Y

71

/-GT

heck fo
Events
Flags

NO

YES

/-?'3

Service Events

——

h 4
i’ )f
Calls to Events
\.

73

(56) References Cited
U.S. PATENT DOCUMENTS
5,740,235 A * 4/1998 Lesteretal. ............... 340/7.27
5,991,397 A * 11/1999 Han ...................... 379/373.04
6,226,370 B1* 5/2001 Shih . ...l 379/159

6,650,744 B1* 11/2003 Hamzeh etal. ............. 379/170

* cited by examiner

Primary Examiner—Binh K Tieu
(74) Attorney, Agent, or Firm—Collard & Roe, P.C.

(37) ABSTRACT

The present mvention 1s an expandable multi-zone paging
and signaling system. In particular, the present invention 1s an
apparatus and method for a paging controller wherein a user
can program a response to a non-audio mnput signal 1n accor-
dance with a set of prioritized mputs to a telephone interface
device. The activity status of the set of prioritized inputs of the
selected telephone interface device are combined using a
logical OR function. By performing the logical OR function
of the activity status of various telephone interface device
inputs, the non-audio output signal can be customized to
provide useful interactions with other outboard equipment.
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PROGRAMMABLE PAGING CONTROLLER
WITH PROGRAMMABLE SWITCH
CONTACT

FIELD OF THE INVENTION

The present invention 1s generally related to audio sound

systems that include paging capabilities. In particular, the
present invention 1s directed to an apparatus and a method for

a programmable paging controller.

BACKGROUND OF THE INVENTION

Audio sound and loudspeaker systems oiten require real-
time, live audio inputs for paging and making other
announcements. Microphones and telephones are two
examples of devices that often provide these mputs. Unlike
microphones, telephones are ubiquitous 1n our society in that
they are available in many non-entertainment venues, such as
olfices, warechouses, retail shops and the like. As such, tele-
phone equipment 1s a preferred live input source 1n voice
paging and announcement systems.

Background art audio sound and loudspeaker systems
often obtain live audio mputs from output ports provided by a
standard telephone system. Typically, these telephonic output
ports meet established standards for electrical characteristics
and functions for a telephone system. However, since the
target usage of these telephone ports 1s for telephonic com-
munications, there 1s a need 1n the art for some adaptation of
the telephone signal before applying that signal to an audio
sound and loudspeaker system.

Some background art telephone equipments do provide
outputs for direct connection to audio sound and loudspeaker
systems. However, many times the features available on these
background art telephone equipment outputs do not allow for
some desirable features for an audio system operations such
as muting of background music during an audio page, or
routing audio signals to distinct areas of a facility. In addition,
the feature set and electrical characteristics of these back-
ground art telephone equipment outputs often vary from one
telephone equipment manufacturer to another. This situation
can make 1t difficult to plan the proper equipment interface to
an audio sound and loudspeaker system.

In the background art, the only input in the telephone
interface device that can detect the DTMEF tones 1s the general
paging mput. Other inputs may not be connected to sources
that produce DTMF tones. For example, tone triggers or the
night ring mput detects an incoming ring but never answers a
call. In these 1nstances, the input has associated with 1t a user
programmable zone group. When the input becomes active,
its associated zone group 1s engaged and determines where
the audio will be delivered.

Theretfore, there 1s a need in the art for a paging system
some adaptation of the telephone signal before applying that
signal to an audio sound and loudspeaker system; features for
an audio system operations such as muting of background
music during an audio page, or routing audio signals to dis-
tinct areas of a facility; and that provides consistent input/
output (I/0) interfaces.

SUMMARY OF THE INVENTION

The present invention 1s an expandable multi-zone paging
and signaling system. In particular, the present invention 1s an
apparatus and method for a paging controller wherein a user
can program a response in accordance with a set of prioritized
inputs to a telephone interface device. Further, 1n the present
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invention, the activity status of the set of prioritized inputs of
the selected telephone 1nterface device are combined using a
logical OR function. By performing the logical OR of the
activity status of various telephone interface device inputs, a
non-audio output signal can be customized to provide usetul
interactions with other outboard equipment.

One embodiment of the present invention 1s an a program-
mable paging controller for controllably connecting a signal
from a telephone system to at least one audio output, the
programmable paging controller providing a controllable
switch, comprising: a controller; a plurality of input ports and
input terminals; a plurality of input interface circuits for con-
ducting an active mput signal received on at least one of the
plurality of input ports and input terminals; at least one output
port, each output port adapted to be connected to an output
module; and a controllable switch presenting a pair of termi-
nals that are one of closed or open. In this embodiment of the
invention, the mput interface circuits are driven to a distin-
guishable state when an associated input port or mnput termi-
nal receives an active mput signal. In addition, the controller
1s responsive to a condition of the mput interface circuit of
cach of the plurality of mput ports and mput terminals. Fur-
ther, the switching means 1s controlled by the controller, the
compressor 1s coupled to the at least one output port, and the
status of the pair of terminals of the programmable switch 1s
controlled by the controller. Furthermore, this embodiment of
the present mmvention further comprises a compressor 1s
adapted to be coupled between the switching means and the
output port and the switching means for selecting at least one
of the plurality of input interface circuits for conducting an
active iput signal to the compressor.

Preferably, the present invention outputs a line level audio
signal on the at least one audio output that can be amplified
betore applying the output to a speaker and provides contact
terminals (1.e., see FIG. 1: normally open (NO) common
(CO) and normally closed (NC)) outputs for the auxiliary
relay. In addition, preferably, in this embodiment of the inven-
tion the plurality of mput ports includes at least one of an
override port, a trunk/page port, a station port, a night ring
port, and music mnput ports. In addition, the plurality of input
terminals includes at least tone mput terminals.

Preferably, in this embodiment of the invention, a ring and
loop detect circuit 1s the interface circuit for the station port.
In addition, a ring detect circuit 1s the interface circuit for the
night ring port. Further, an auxiliary relay control 1s the inter-
tace circuit for the auxiliary contact terminals.

Preferably, 1n this embodiment of the invention, the con-
troller 1s coupled to the at least one output port. In addition,
the music iput ports are adapted to be coupled to the at least
one output port. Further, the tone input terminals are coupled
to the controller.

Another embodiment of the present invention 1s a program-
mable paging controller for controllably connecting a
selected one of plurality audio circuits to a paging system and
providing a programmable switch comprising: a plurality of
input ports, each including a plurality of mput terminals, an
activity detector, the activity detector driven to a distinguish-
able state when an associated input terminals receive an active
iput signal; and an associated circuit for conducting the
active mput signal recerved at the associated terminal, at least
one output port, each output port adapted to be connected to
a unique circuit, a controller responsive to the condition of the
activity detector of each of said ports, switching means con-
trolled by said controller for selecting at least one of the
associated circuits of one of said ports for connection to a
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particular output port, and a programmable switch presenting,
a pair of terminals with a status of closed or open, said status
controlled by said controller.

Yet another embodiment of the present invention 1s a pro-
grammable paging controller further comprising an output
module that 1s a zone expansion module. The zone expansion
module further comprising: a plurality of module mput ter-
minals coupled to the output port; a plurality of jumpers; a
plurality of relays coupled to the plurality of module input
terminals by the plurality of jumpers; zone module interface
circuits; and a plurality of zone module output terminal
blocks. In this embodiment of the present invention the jump-
ers are configured to connect mput terminals to selected
relays and the zone module interface circuits are coupled to
the output terminal blocks. In addition, the zone module
interface circuits further comprise adjustable buifer amplifi-
ers coupled to output transformers. It 1s noted that the adjust-
able buffer amplifiers are not intended to directly drive a
speaker device.

Yet another embodiment of the present mmvention 1s a
method of controlling a programmable switch presenting a
pair of terminals with a status of closed or open 1n a program-
mable paging controller having a plurality of input ports and
input terminals and at least one output port, said method
comprising the steps of: providing a record of a selection of
whether the switch 1s controlled on the basis of at least one
active event or on a priority driven basis reflecting a state of
the plurality of iput circuits; and periodically determining
whether the record retlects at least one event selection or a
priority basis selection. In the method, 1f the record reflects at
least one event selection, determining whether the record
reflects whether any active event should control the switch; 1f
the record reflects control of the switch on the basis of the
event, controlling the switch to the appropriate status; and 1f
the record reflects a priority basis selection, determining,
whether an event with the highest priority 1s active and con-
trolling the switch 1n accordance with the determination.

Yet another embodiment of the present invention 1s the
programmable paging controller as discussed above, that fur-
ther comprises a method for servicing an event driven with no
delay comprising the steps of: determining whether any
active events have the Aux Relay option enabled; determining
whether any active events have ended; activating the Aux
Relay option and returning to a calling routine 11 an enabled
event continues; clearing an event ended flag 11 an active event
has ended; determining whether all enabled events have
ended; returning to a calling routine 11 other enabled events
continue; and de-activating the Aux Relay and returning to a
calling routine if all enabled events have ended, wherein each
active event has an event ended tlag.

Another embodiment of the present mvention 1s the pro-
grammable paging controller as discussed above, that further
comprises a method for servicing an event driven with delay
comprising the steps of: determining whether any active
events have the Aux Relay option enabled; determining
whether any active events have ended; clearing an event
ended flag 1f an active event has ended; determining whether
all enabled events have ended; returning to a calling routine if
other enabled events continue; and activating an Aux Relay
for one second and returning to a calling routine if all enabled
events have ended, wherein each active event has an event
ended flag.

Yet another embodiment of the present invention 1s the
programmable paging controller as discussed above, that fur-
ther comprises a method for servicing a priority driven with
no delay comprising the steps of: determining whether a
highest priority event has the Aux Relay option enabled;
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4

de-activating the Aux Relay option and returning to a calling
routine 1f a highest priority event is not enabled; determining,
whether any active events have ended; clearing an event
ended flag 1f an active event has ended; activating an Aux
Relay and returning to a calling routine 1f the event continues;
determining whether all enabled events have ended; returning
to a calling routine 11 other enabled events continue; and
de-activating the Aux Relay option and returning to a calling

routine 1f all enabled events have ended, wherein each active
event has an event ended flag.

Another embodiment of the present invention is the pro-
grammable paging controller as discussed above, that further
comprises a method for servicing a priority driven with delay
comprising the steps of: determining whether a highest pri-
ority event has the Aux Relay option enabled; determining
whether an event has ended; clearing an event ended flag 11 an
enabled event has ended; determining whether all enabled
events have ended; returning to a calling routine 1f other
enabled events continue; activating an Aux Relay for 1 second
and returning to a calling routine 11 all the enabled event have
ended; determining whether a highest priority input changed;
returning to a calling routine if no change in the highest
priority input; determining whether a previous highest prior-
ity mput has the Aux Relay option enabled; returning to a
calling routine 11 Aux Relay option 1s not enabled; and acti-
vating an Aux Relay for one second 11 Aux Relay option 1s
enabled and returning to calling routine, wherein each active
event has an event ended flag.

As an example, an override input of a prioritized telephone
interface device may be accessed only to make emergency
announcements. The telephone intertace device could be pro-
grammed to close a Aux Relay contact only when the override
iput 1s active. This relay contact closure would place any
bypass equipped volume controls affecting the audio/music
volume level in different areas of a facility into a bypass mode
and allow the page to be heard at tull volume. For all the other
lower priority inputs (e.g., general page, tone triggers, back-
ground music, etc.), the relay contacts will stay open and the
local zone volume controls would control determine the audio
volume levels.

In the present invention, 1n order to provide more flexibility
in connecting to other equipment, the telephone interface
device non-audio output signal would allow its mnactivated or
idle state to be mnverted. If the non-audio signal were a relay
contact closure, the user would be able to select with an
“open” or “closed” idle condition. Additionally, the non-
audio output signal could change state immediately on detect-
ing the programmed 1nput status event or the non-audio out-
put signal could be programmed to wait until after the status
event condition finishes and then change the state of the
non-audio output signal. The time duration of the change in
state would be predetermined as at least one preset time
duration or a user definable time duration. Alternatively, the
present mnvention can also provide a ¢c-form contact set and a
set 1-second delay.

In order to provide more tlexibility 1n the use of telephone
interface device non-audio output signal, the user can elect to
use the input status directly or allow the input priority hier-
archy imposed by the telephone interface device to modity
the mput status. For example assume a tone trigger was given
a higher prionity than the general page mput and the non-
audio signal was programmed to change state when the gen-
eral page input was active. In the case of using the input status
directly, the non-audio signals would change state and remain
in the alternate state until the general page input became
iactive, regardless of the status of any other mput.
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However, 11 the prionity hierarchy was imposed on this
same situation, and a tone trigger became active during the
general page, the non-audio signal would return from 1ts
alternate state to 1its idle state for as long as the tone trigger
lasted. Assuming the general page was still active after the
tone trigger event ended, the non-audio signal would again
change to the alternate state for the remaining duration of the
general page. In this scenario, the priority hierarchy modified
the actual status of the general page input to make 1t appear as
il 1t were iactive during the higher prionity event. If the
higher priority event were also programmed as an event for
the non-audio signal, then no intermediate change 1n state
would have occurred because either the tone trigger or gen-
eral page were active.

Another feature of the present invention 1s routing
announcements only to certain areas in a facility. This 1s
normally accomplished by using the DTMF tones used for
dialing to select the destination zone. In these systems there
are numerous outputs from the telephone interface device and
cach 1s wired to audio paging equipment servicing an area or
zone 1n the facility. The present invention provides this func-
tion and along with the audio signal a set of normally open
and closed contacts follow the status of the output, changing
state as 1t goes from 1nactive to active and back again.

In addition, the present invention allows zones to be
accessed as a group using special codes. Further, the zone
groups, the special codes used to activate the zone groups; and
zones themselves are all user programmable. Moreover, the
present invention allows the codes used to access zone groups
and individual zones to be changed to suit the needs of the
user. A cross reference table 1s populated with the native
number for the zone or zone group and 1ts desired new dialing
code.

In addition to providing audio outputs to an audio system,
the present invention supplies non-audio signals to external
equipment. These non-audio signals include, but are not lim-
ited to, closure of relay contacts, open collector outputs or
other bi-state output signals. These non-audio signals are
usetul 1n coordinating the operation of outboard equipment
used with the audio paging system. In the background art,
relay contact closures typically changed state based on either
the telephone interface device being accessed by the tele-
phone system or, in multiple zone paging systems, after a
zone to page was selected. This relay contact closure would
then activate an audio amplifier. After the telephone system
disconnected from the telephone interface device, the contact
closure returns to an idle state.

In the present invention, the telephone interface devices
may have one input for the telephone system to connect to or
they may have several inputs. There 1s typically a priority
hierarchy 1n telephone interface devices with more than one
input. Higher priority inputs usually provide emergency or
time critical signaling and may interrupt or completely dis-
connect lower priority pages. A typical single or multi-zone
telephone interface device may have a background music
input, a normal page input, a high priority override input, one
or more inputs that trigger a utility tone 1n the audio system
and a night ring 1nput to annunciate through the audio system
that a telephone line 1s ringing. There 1s no real limit on the
number, type or priority levels of these inputs, but what 1s
described above 1s generally available 1n today’s market. The
priority of each input does not need to be fixed. In the present
invention, the user can assign the input priorities to suit their
particular needs.

The present invention also provides the function of engag-
ing a zone group whenever the general page input 1s activated
without the need to use a DTMF tone. Once the user invokes
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the use of this function, he will no longer be able to directly
select zones using DTMF codes. When using this function,
audio pages made through the general page mput will be
routed to pre-selected zones. However, other imnputs like tone
triggers, night ring or override pages can be routed to other
zones based on how the zone groups associated with these
functions are programmed. The use of zone groups for both
the override function and the “all-call” function allows users
to omit, or include desired zones 1n a function’s zone group.

The zone outputs and audio switching means of the present
invention are provided on plug-in modules that fit into a
complementary bay 1n the paging controller apparatus. Up to
four plug-in modules may be installed 1n an exemplary
embodiment of the present invention. Each plug-in module
supports at least three separate zone outputs. However, the
number of zones supported by a module and the total number
of modules could be expanded to a larger number with the
approprate electrical and mechanical changes to the plug-in
module.

The programmable paging controller of the present inven-
tion may be applied to both single zone and multi-zone inter-
faces. In addition, the present invention 1s also applicable 1n
fixed, non-expandable units.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exemplary system block diagram of the appa-
ratus of the present invention.

FIG. 2 shows an exemplary view of the general-purpose
paging input portion of the front panel of the present inven-
tion.

FIG. 3 shows an exemplary block diagram of a zone mod-
ule of the present invention.

FIG. 4 shows an exemplary front view of the tone module
of the present invention.

FIG. 5 shows an exemplary view of the entire front panel of
the present invention.

FIG. 6 shows an exemplary flow diagram of the method of
the main software loop of the present invention.

FIG. 7 shows a portion of the programming table for the
present 1nvention.

FIG. 8 shows an exemplary flow diagram of the method of
the Auxiliary Relay Service Routine Decision Branch.

FIG. 9 shows an exemplary flow diagram of the method of
the Auxillary Relay Event Driven No Delay Branch.

FIG. 10 shows an exemplary flow diagram of the method of
the Auxillary Relay Event Driven With Delay Branch.

FIG. 11 shows an exemplary flow diagram of the method of
the Auxiliary Relay Priority Driven No Delay Branch.

FIG. 12 shows an exemplary flow diagram of the method of
Auxillary Relay Priority Driven With Delay Branch.

DETAILED DESCRIPTION

FIG. 1 1s an exemplary system block diagram of the appa-
ratus of the present mvention. As shown 1n FIG. 1, overnide
input port 1 provides an interface that 1s compatible with, for
example, loop start trunk cards and other similar devices.
Override input port 1 also provides the present invention with
a means to be activated by an external relay contact closure
and, once activated, a means to mput audio to the telephone
interface. The override mput port 1 may be 1n the form of, but
1s not limited to, an RJ11 connector.

As shownin FIG. 1, the telephone signals from the override
input port 1 connector are delivered to an override interface
circuit 20. The overnide interface circuit 20 1s designed to
supply and detect loop current being drawn by an external
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device connected to the override mput port 1. The detection
status of the loop current 1s reported to the controller 21. An
external contact closure applied to the override mput port 1
connector can control the loop current detection status of this
input.

The Trunk/Page Port input 2 of FI1G. 1 1s part of the general
purpose paging input. The Station Port input 3 1s also part of
the general purpose paging input. Only one of these two input
ports 2, 3 can be used as the general purpose paging input. A
selector switch 5 determines which of these two 1input ports 2,
3 will be active. A secondary switch 23 further selects the type
ol telephone circuit to which the present ivention 1s con-
nected. The controller 21 monitors the position of both of
these switches.

As shown 1 FIG. 1, the Trunk/Page Port connector 2 1s
used to interface to Loop Start, Ground Start and Paging ports
of telephone circuits. When the 3-position port-type selector
switch 5 1s set to the Trunk position and the 2-position sec-
ondary selector switch 23 1s set to the LS position, the trunk/
page portinterface circuit 22 supplies and detects loop current
to the connected outboard telephone equipment. The status of
the loop current detector 1s reported to the controller 21.

When the secondary selector switch 23 of FIG. 1 1s set to
GS position, signaling from ground start trunks can be
detected and the status of the loop current 1n this configuration
1s likewise reported to the controller 21. The ground start
terminal 24 must be connected to the ground of the telephone
equipment supplying the ground start trunk.

As shown in FIG. 1, when the port-type selector switch S 1s
set to Page Port and the secondary selector switch 23 1s set to
CON'T, Trunk/Page Port interface circuit 22 will respond
when the telephone system provides a contact closure pair,
and both Tip and Ring connections. When the secondary
selector switch 23 1s set to VOX, the trunk/page port interface
circuit 22 will monaitor the telephone equipment connected to
this input for any audio signals and will activate upon sensing,
any audio signals.

When the port-type switch 5 of FIG. 1 1s set to the Station
position, the Station Port connector 3 will be selected. The
Station Port 3 1s used when the telephone circuit to be inter-
faced to 1s a Private Branch Exchange (PBX) Station Port, or
a Plain Old Telephone System (POTS) line that rings and then
must be answered by being taken off hook. The interface
circuit for the Ring Detect/Loop Detect input 25 will detect
the presence of the high voltage ring signal and report 1t to the
controller 21. The controller 21 will then direct the present
invention to answer the telephone call by connecting a station
interface transformer 26 across the telephone line. The Ring
Detect/Loop Detect input 25 will monitor the resultant loop
current condition and report 1t to the controller 21.

As shown 1n FIG. 1, the remaiming port to which a tele-
phone circuit can be connected 1s the Night Ring input 4. This
Night Ring input 4 uses a ring detector circuit 27 to detect the
presences of the high-voltage ringing signal sent by PBX
station lines and POTS lines to ring the associated phone. An
NTR tone terminal 9 allows an external device contact closure
to activate the Night Ring function without the need for a high
voltage ring signal. Activation 1s accomplished by shorting
the NTR terminal 9 to the *C terminal 8. The exemplary input
port complement shown 1n FIG. 1 and described above 1s
suificient for a general-purpose voice paging applications.
However, the number of input ports can be scaled to accom-
modate the number of telephone circuits to which the present
invention needs to interface.

In addition to the telephone circuit mnputs, the present
invention also provides a means to externally trigger two
different pre-selected tones. For example, when either input
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terminal TONE1 6 or TONE?2 7, as shown 1in FIG. 1, 1s shorted
to terminal C 8 the controller 21 will operate 1n conjunction
with a tone generator circuit 32 and a tone volume control 33
to produce a tone signal for distribution through the paging
system. For general-purpose audio paging, at least two tone
trigger inputs 6, 7 are suilicient. However, any number of tone
trigger inputs could be designed into the present invention.

The present invention also provides two inputs for the
connection of background music sources. As shown in FIG. 1,
cach input is supplied through a set of music input connectors
10, 11 that may passively combine a stereo signal or accept a
mono signal. Music input connectors 10, 11 may be, but are
not limited to, RCA or other well known connector types for
audio signals. The resultant signal 1s 1solated by transformers
12, 13 so that the ground from the background music signal
does not become interconnected with the ground of the
present invention. Bufler amplifiers 14, 16 and volume con-
trols 15, 17 allow the proper amount of signal on to the
background music buses 18, 19 that feed the zone module
bays.

Live audio pages are supplied through both the overnide
input port 1 and the general-purpose page input 2,3 of FIG. 1.
The override mput port 1 has a higher priority level than the
general-purpose paging mput 2, 3. When the override mput
port 1 becomes active, the controller 21 will close analog
switch 28 and open analog switch 29. This will interrupt any
signals being processed though the general-purpose page
input 2, 3 and route the signal from the override iput port 1
to the paging outputs. The desired zone to which the override
input port 1 signal will be delivered 1s previously set-up 1n a
non-volatile ram that may be 1ncluded as a part of the con-
troller 21. Upon completion of the override page, the state of
the analog switches 28, 29 will reverse and any signals on the
general-purpose page mput 2, 3 will again be delivered to
their original zone destinations 11 the input 1s still 1n 1ts active
state.

As shown 1n FIG. 1, the general purpose paging imnput 2, 3
allows users to select which zone or zones the page will be
directed. The user does this by dialing DTMEF codes to direct
the actions of the paging interface. Likewise, DTMF codes
are also used to program and pre-select system choices. When
the system programming switch 30 1s 1n the run position,
DTMEF tones from the telephone equipment attached to the
general-purpose paging interface 2, 3 can be detected by a
DTMEF detector 31. The DTMF detector 31 reports the value
of the DTMF tone to the controller 21. When program switch
301s1nthe PGM position, the DTMF detector 31 1s connected
to the Override Port 1 and analog switch 28 1s 1n the open
state. Typically, a standard telephone 1s connected to the
override port 1 to program the present invention.

Live pages from the override port 1 and general-purpose
paging port 2 mputs of FIG. 1 are processed through a com-
pressor circuit 34. The purpose of the compressor 34 1s to
reduce the level of loud mput signals and provide a generally
consistent paging level, regardless of how loud a particular
speaker maybe. The maximum signal level before compres-
sion begins 1s set by the threshold control 35. As an aid to
properly setting the compressor function, a compressor active
LED 36 1s provided. This indicator LED 36 1lluminates when
the compressors threshold has been exceeded. This allows the
user to more accurately set the voice level needed to trip the
compressor 34.

As shown in FIG. 1, the present invention provides an
auxiliary (AUX) relay contact set 37 to control external
equipment. This AUX set of relay contacts 37 1s controlled by
the controller 21 and can be programmed to respond to dif-
ferent events happening within the paging controller appara-
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tus. The action of the AUX relay contacts 37 1s programmable
by the user. Any of the inputs to the paging controller appa-
ratus, except for the background music inputs, can be used to
control the AUX relay contact state. The activation of each
input 1s considered an event within the present invention. Any
event can be combined with other events 1 a logical OR
tashion. Alternatively, the present ivention can provide a
c-Torm contact set and a set 1, second delay, as discussed
below.

Additionally, the response to the AUX relay contact state
can be selected to follow the logical OR of these events or
cause the AUX relay contacts 37 to produce a 1-second
change 1n state after the all the logical OR events have ended.
The 1nputs to the present invention all fit into a priority hier-
archy and the AUX relay contact set 37 may respond with
respect to this prionity hierarchy. Alternatively, the present
ivention may ignore the priority hierarchy structure and
respond solely to the activation state of the various 1nputs to
the system.

FIG. 2 shows an exemplary view of the general-purpose
paging 1put portion of the front panel of the present inven-
tion. F1G. 3 shows a schematic diagram of the zone module 48
and FIG. 4 shows a front view of the zone module 48. FIG. 5
shows a front view of the entire assembly with the zone
module 48 installed in the left most module bay 39 and
module bay covers 52 installed 1n the next two bays of the
assembly. The right most module bay has no bay cover
installed so as to show details of the main unit’s module bay
opening.

In the particular embodiment of the present invention
shown in FIG. §, the zone modules 48 provide outputs to three
different zones and the paging controller assembly can
accommodate at least four tone modules 48, bringing the total
zone capacity of the exemplary paging controller to at least
twelve. Of course any number of zones per module and mod-
ules per main unit can easily be obtained by electrically and
mechanically scaling the design accordingly.

As shown 1n FIG. 5, the zone module 48 makes a connec-
tion to the paging controller assembly unit through the use of
a module connector 47 located 1n the rear of the interior of the
assembly. In addition, the zone module connector 47 of FIG.
3 1s, for example but not limited to, a card edge type connec-
tor.

As shown 1n FIG. 3, each zone module 48 1s supplied with
two background music busses 18, 19, as well as the paging
audio signal 38 and digital signal inputs that control the state
of the various relays for each zone on the module. A jumper
field 39 exists for each zone circuit. The placement of the
jumper 1n each field determines if that zone’s output will
produce background music (BGM) that exists on BGM buss
A 18, BGM buss B 19, or no background music at all. The
selected background music buss 1s delivered to the normally
closed contacts of a zone control relay 40 for each zone
circuit. Likewise, the page audio buss 38 1s delivered to the
normally closed contacts of the zone control relay.

As shown in FIG. 3, when the zone 1s active, the page audio
1s routed to the zone buller amplifier 42. Alternatively, when
the zone module 48 1s 1nactive, the audio content of the
selected background music buss 1s supplied to the zone mod-
ule buifer amplifier 41 that has an associated volume control
42. The zone module butler amplifier 41 drives a transformer
43 that provides a balanced output signal to the load 1n the
zone as well as the proper output impedance and electrical
isolation. A pluggable terminal strip connector 46 provides
the means for making wiring connections to the external load
and equipment for the zone module 48.
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A set of C-form zone-contacts 1s available for each zone
output. As shown in FIG. 3, the contact set 1s part of the zone
control relay 40, 45 and changes state when the zone becomes
at least one of active and inactive. The LED 44 of FIG. 3
indicates the status of each zone. It 1s 1lluminated when the
zone 1s active and unlit when the zone 1s 1nactive. Each zone
module 48 has a means of signaling to the main unit that 1t 1s
installed. There are many ways to do this, including but not
limited to, using mechanical, optical, magnetic methods.

However, preferably electrical signaling through a contact
on the module bay connector 47 1s used 1n the present inven-
tion. This allows the controller 21 to determine which posi-
tions 1n the module bay 56 are occupied and therefore, which
zones are 1nstalled. The faceplate of each zone module 48
contains a notch 49 that exposes numbers 50, screened onto
the main unit, that correspond to the zone numbers to which
that the particular module will respond. Plates without
notches 52 cover unused module positions. These plates with-
out notches 52 obscure the numbers 30 screened onto the
main unit. Only zones corresponding to modules actually
installed will activate. Selection of zones not nstalled will
cause the unit to send an error tone to the operator making the
page. A power connector 51 provides access to the main unit’s
internal 24VDC power supply for powering external equip-
ment.

FIG. 6 15 a flow chart of the method of the main software
loop of the present mnvention. At step 61 and upon power up.,
the unit mnitializes the states of various registers, memory
location and I/O devices. After this initialization, the unit
reviews the preprogrammed parameters for various features,
sets up the system and Aux Relay configurations and further
configures the software 1n step 65. Various interrupts within
the controller are configured and enabled in step 67.

Next, the flow diagram of FIG. 6 shows the program enter-
ing the main loop of the application 1n step 69. In this main
loop, the controller scans various event flags set by the inter-
rupt routines 1n step 71. At least one of the mterrupts 1s
configured to produce a scan of the entire unit inputs at least
every 10 ms. Depending on the results of this scan, various
flags are set which the main loop then uses to determine how
to respond to the input.

Regardless of the status of the main loop’s activity, the
inputs are scanned every 10 mS, as indicated in step 77. This
type of operation ensures that new input events get serviced as
soon as possible. In addition to detecting input events in steps
85-87, the interrupts also perform other functions such as
tracking elapsed time since system audio has exceeded a
certain threshold and various other monitoring needs 1n steps
89-91.

During the servicing of an event in step 73, the interrupts in
the system may coordinate with the main loop 1n steps 60-735
by using various flags. The main loop can likewise atiect the
operation of the routines called by the interrupts by using
these tlags as well.

The present invention provides an auxiliary C-form contact
set 37 to control external equipment. This Aux Relay function
controls a set of contacts, which the user can program to
respond to different events happening within the system. Any
of the external inputs to the system, except for the background
music iputs, can be used to control the Aux Relay action. The
activation of each external input 1s considered an event by the
present 1nvention.

Any event can be combined with other events 1n a logical
OR fashion to control the Aux Relay contacts 37. The external
inputs of the present ivention are arranged into a priority
hierarchy. The override input 1 1s the highest priority with the
other inputs falling below 1n the following order: Tone 1 7,
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Tone 2 6, General Purpose Paging input 2, 3 (depending on
port type), Night Ring 4, and Background Music 10, 11. The
Aux Relay contact set 37 may respond to input activation with
respect to this priority hierarchy (e.g., programming selec-
tion—"*"“Priority Driven”), or it may 1gnore the priority hierar-
chy and respond solely on the raw activation status of the
various external inputs (e.g., programming selection—
“Event Driven”).

In Priority Driven mode, the Aux Relays act in response to
the current highest priority input. When responding with
respect to the priority hierarchy scheme, a lower level input
may be enabled to control the Auxillary Relay contacts while
a higher priority input may not. In this case, if the lower
priority event 1s already active when the higher priority event
becomes active, the Auxillary Relay contacts will respond as
if the lower priority event has ended and disengage. If the
lower priority event 1s still active when the higher priority
event ends, the Auxillary Relay contacts will respond as 11 that
event had just newly occurred. Additionally, the Aux Relay
contact can be programmed to respond while the event, or
events, are active (e.g., programming selection—"*No
Delay”) or to wait until all relevant mputs have become 1nac-
tive and then produce a 1-second change of contact state
(programming selection—"Delay™).

FIG. 7 shows an exemplary portion of the programming
table for the present imvention relevant to the Aux Relay
function. As a non-limiting example, DTMF dialing feature
codes 1indicated are used to program the unit.

Further details of the flow diagram of the Aux_Relay_Call
routine of step 81 1n FIG. 6 are shown 1n FIG. 8. In the Aux
Relay Call flow diagram, the proper service routine selection
1s made based on the preprogrammed, user selected param-
cters for the desired Aux Relay operation. For example, as
shown 1n step 81-0 of FIG. 8, 1f the Aux Relay 1s to be event
driven with no delay, a call to the Event_Driven_ NO_Delay
routine 1s made 1n step 81-3. IT not, the tlow diagram proceeds
to step 81-2. In step 81-2, ifthe Aux Relay 1s to be event driven
with delay, a call to the Event_Driven_ With_Delay routine 1s
made 1n step 81-5. If not, the tlow diagram proceeds to step
81-4. In step 81-4, 11 the Aux Relay 1s to be priority driven
with no delay, a call to the Prionity_Driven_NO_Delay rou-
tine 1s made 1n step 81-7. If not, the flow diagram proceeds
directly to the Prionty_Driven_With_Delay routine in step
81-9. The flow diagram then returns ifrom the Aux_Relay_
Call routine of step 81.

FI1G. 9 shows the details of the Aux Relay “Event Driven_
NO_Delay” routine of step 81-3 of FIG. 8. If the active event
input 1s not enabled to control the Aux Relay contacts in step
81-3.1, then the return path of step 81-3.5 will be taken with
no Aux Relay activation. Alternatively, 11 1n step 81-3.3, the
input event has been enabled for Aux Relay operation, then
the Aux Relay will activate in step 81-3.4 before returning.
Any additional mmput events with the Aux Relay option
ecnabled will also nstruct the relay to activate, but since 1t
already 1s, there will be no effect from this action. When an
input event ends 1n step 81-3.2, the event-ended flag for that
event will be cleared 1n step 81-3.4. IT all input events that are
enabled to control the Aux Relay contacts have ended 1n step
81-3.7, the Aux Relay will deactivate. 11 not, the Aux Relay
will return 1n step 81-3.5.

FIG. 10 shows the details of the Aux Relay “Event_
Driven_ With_Delay” routine of step 81-5 o1 FIG. 8. Again, 1f
the active mput event does not have the Aux Relay option
enabled 1n step 81-5.1, the return path will be followed with
no action taken 1n step 81-5.5. If the input event’s Aux Relay
option 1s enabled 1n step 81-5.1, no action 1s taken at the
beginning, since the action 1s to be done at the end of the
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event. Any additional enabled 1nput events will likewise not
activate the Aux Relay contacts. When an mput event has
ended 1n step 81-5.2, the event-ended flag for that event will
be cleared 1n step 81-5.4. I all events, which have the Aux
Relay option enabled, have ended 1n step 81-35.6, the Aux
Relay will activate for one second in step 81-3.7. If not, then
return the calling routine in step 81-5.5.

FIG. 11 shows the details of the Aux Relay “Priority_
Driven_NO_Delay” routine of step 81-7 of FIG. 8. In this
routine, the Aux Relay enable/disabled status of the highest
priority active mput event will determine the Aux Relay
action. If the current highest priority input event has the Aux
Relay option disabled 1n step 81-7.1, the routine will deacti-
vate the Aux Relay in step 81-7.3. Likewise, 1f it were enabled
in step 81-7.1, the routine would activate the Aux Relay 1n
step 81-7.5. On every 10 mS interrupt the Aux Relay option
status of the current highest priority input event 1s examined
with the Aux Relay responding accordingly. When an event
ended 1n step 81-7.2, the event-ended flag for that event will
be cleared 1n step 81-7.4. I all events that have the Aux Relay
option enabled have ended in step 81-7.5, the Aux Relay will
be deactivated 1n step 81-7.6. IT not, then return to the calling
routine 1n step 81-7.5.

FIG. 12 shows the details of the Aux Relay “Priority
Driven_With_Delay” routine of step 81-9 of FIG. 8. On every
10 mS interrupt, the routine determines 11 the current highest
priority input event has the Aux Relay option enabled 1n step
81-9.1. I1 1t does not, then whether the current highest input
justchanged 1s determined 1n step 81-9.3. If yes, then whether
the previous one has 1ts Aux Relay option enables 1s deter-
mined in step 81-9.6. I yes then the Aux relay will activate for
one second 1n step 81-9.7. If no, thenno action 1s taken and the
routine returns in step 81-9.5. If the current highest input does
have the Aux Relay option enabled in step 81-9.1, the routine
waits until that event ends in step 81-9.2, clears the event flag
in step 81-9.4 and waits until all subsequent highest priority
events that have the Aux Relay option enabled have ended 1n
step 81-9.8, at which time the Aux Relay will activate for one
second 1n step 81-9.9 and then returns to the calling routine 1n
step 81-9.5.

The foregoing description of the mvention illustrates and
describes the present invention. Additionally, the disclosure
shows and describes only the preferred embodiments of the
invention 1n the context of a method for increasing the yield of
programmable logic devices, but, as mentioned above, 1t 1s to
be understood that the invention 1s capable of use 1n various
other combinations, modifications, and environments and 1s
capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate with
the above teachings and/or the skill or knowledge of the
relevant art. The embodiments described herein above are
further intended to explain best modes known of practicing
the invention and to enable others skilled in the art to utilize
the 1invention 1n such, or other, embodiments and with the
various modifications required by the particular applications
or uses of the ivention. Accordingly, the description 1s not
intended to limit the invention to the form or application
disclosed herein. Also, 1t 1s intended that the appended claims
be construed to include alternative embodiments.

What 1s claimed 1s:

1. A method for servicing an event driven with no delay
selection 1n a programmable paging controller for controlla-
bly connecting an 1nput signal from a telephone system to at
least one audio output, the method comprising the steps of:

determining whether any active events have an Aux Relay

option enabled;

determining whether any active events have ended;
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activating the Aux Relay and returning to a calling routine

1t an enabled event continues;

clearing an event ended flag 11 an active event has ended;

determining whether all enabled events have ended;

returning to a calling routine if all other enabled events
continue; and

de-activating the Aux Relay and returning to a calling

routine 1f all enabled events have ended,

wherein each active event has an event ended flag.

2. A method for servicing an event driven with delay selec-
tion 1 a programmable paging controller for controllably
connecting an input signal from a telephone system to at least
one audio output, the method comprising the steps of:

determining whether any active events have an Aux Relay

option enabled;

determining whether any active events have ended;

clearing an event ended flag 11 an active event has ended;

determining whether all enabled events have ended;
returning to a calling routine 1f other enabled events con-
tinue; and

activating an Aux Relay for one second and returning to a

calling routine 11 all enabled events have ended,
wherein each active event has an event ended flag.

3. A method for servicing a priority driven with no delay
selection 1n a programmable paging controller for controlla-
bly connecting an input signal from a telephone system to at
least one audio output, the method comprising the steps of:

determining whether a highest priornity event has an Aux

Relay option enabled;
de-activating the Aux Relay option and returning to a call-
ing routine 11 a highest priority event 1s not enabled;
determining whether any active events have ended;
clearing an event ended flag 11 an active event has ended;
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activating an Aux Relay and returning to a calling routine 1f

the event continues;

determining whether all enabled events have ended;

returning to a calling routine 11 all other enabled events

continue; and

de-activating the Aux Relay and returning to a calling

routine 1f all enabled events have ended,

wherein each active event has an event ended flag.

4. A method for servicing a priority driven with delay
selection 1n a programmable paging controller for controlla-
bly connecting an 1nput signal from a telephone system to at
least one audio output, the method comprising the steps of:

determiming whether a highest priority event has an Aux

Relay option enabled;

determiming whether an enabled event has ended;

clearing an event ended flag 11 an enabled event has ended;

determining whether all enabled events have ended;
returning to a calling routine if other enabled events con-
tinue;

activating an Aux Relay for one second and returming to a

calling routine 11 all the enabled events have ended;
determining whether a highest priority input changed;
returning to a calling routine if no change 1n the highest
priority mput;

determining whether a previous highest priority input has

the Aux Relay option enabled;

returning to a calling routine 11 the Aux Relay option 1s not

enabled; and

activating the Aux Relay for one second 1if the Aux Relay

option 1s enabled and returning to calling routine,
wherein each active event has an event ended flag.
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